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Abstract 


This study provides estimates of the growth and relative levels of productivity for the 48 contiguous 
States for the period 1960 to 1996. For the full 1960-96 period, every State exhibits a positive and 
generally substantial average annual rate of productivity growth. There is considerable variance, however. 
The wide disparity in growth rates resulted in substantial changes in the rank order of States. For each 
year, we calculate the coefficient of variation of productivity levels. We use these coefficients to show 
that the range of levels of productivity has narrowed over time, although the pattern of convergence was 
far from uniform. The fact that some States grew faster than others and yet the cross section dispersion 
decreased implies that the States that grew most rapidly were those with lower initial levels of 
productivity. This result is consistent with Gerschenkron’s notion of the advantage of relative 
backwardness. The States that were particularly far behind the productivity leaders had the most to gain 
from the diffusion of technical knowledge and proceeded to grow most rapidly. We also observe a 
positive relation between capital accumulation and productivity growth, implying embodiment of 
technology in capital. 
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U.S. Agriculture, 1960-96 


A Multilateral Comparison of 
Total Factor Productivity 


V. Eldon Ball 
Jean-Pierre Butault* 
Richard Nehring 


Introduction 


The rise in agricultural productivity has long been chronicled as the single most important source of 
economic growth in the U.S. farm sector. Though their methods differ in important ways, the major 
sectoral productivity studies by Kendrick and Grossman (1980) and Jorgenson, Gollop, and Fraumeni 
(1987) share this common conclusion.! In a recent study, Jorgenson and Gollop (1992) find that 
productivity growth over the 1947-85 period accounted for 82 percent of the economic growth in 
agriculture, compared with only 13 percent in the private nonfarm economy.” Moreover, the rate of 
productivity growth over this period in agriculture (1.58 percent) was nearly four times the corresponding 
rate in the private nonfarm economy (0.44 percent). 


The U.S. Department of Agriculture (USDA) has been monitoring the industry’s productivity 
performance for decades. In fact, the USDA in 1960 was the first agency to introduce multifactor 
productivity measurement into the Federal statistical program. Today, the U.S. Department of 
Agriculture’s Economic Research Service (ERS) routinely produces total factor productivity measures for 
the aggregate farm sector from production accounts that distinguish multiple outputs and inputs, adjust for 
quality change in each input category, and recognize that some farm production (e.g., breeding livestock) 
is both an investment good as well as agricultural output.4 


A properly constructed measure of productivity growth for the aggregate farm sector is certainly 
important. It provides a useful summary statistic indicating how economic welfare is being advanced 
through productivity gains in agriculture, but it may mask important State-specific or regional trends. A 
recent study by Ball et al. (1999) focuses on agricultural productivity at both sector and State levels. A 
model accounting for interstate transactions in farm goods links sectorwide and State-specific measures of 
productivity growth. One conclusion is that there is much more volatility across States than can be 
inferred from productivity measures for the aggregate farm sector. The results also indicate that _ 
productivity growth in the U.S. farm sector is wholly a function of the productivity trends in individual 
States. Interstate shifts in production activity and resource reallocations have had little effect. 





*Jean-Pierre Butault is with the Institut National de la Recherche Agronomique, Nancy, France, and V. Eldon Ball and Richard 


Nehring are economists with the U.S. Department of Agriculture’s Economic Research Service. 


In the present study, we estimate the growth and relative levels of productivity for the States for the 
period 1960 to 1996. We adopt an index number approach. Comparisons of productivity over time are 
often based on index number procedures. Recent developments in economic theory have improved our 
knowledge about which index number procedures are most attractive for making productivity 
comparisons. The distinguishing feature of these procedures is that they possess many properties 
considered desirable in classical index number analysis, and they represent exactly production structures 
that have attractive properties. 


Problems arise, however, when more than two States are compared simultaneously. The use of binary 
indexes to compare each of the possible pairs of States gives results that may not satisfy Fisher’s (1922) 
circularity test. Elteté and Koves (1964) and Szulc (1964) have proposed a method that achieves 
transitivity while minimizing the deviations from the binary comparisons. The procedure they developed 
is used in this study to provide estimates of the relative levels of productivity. 


The purpose of this comparison is to analyze changes in these levels over time. We find that the range of 
levels of productivity (as measured by the coefficient of variation) has narrowed over the study period, 
although the pattern of convergence was far from uniform. This is a remarkable result given the wide 
variation in State growth rates. 


To account for the observed convergence in productivity levels, we consider two hypotheses, which are 
not mutually exclusive. The first is the catch-up hypothesis, which states simply that those States that 
lagged furthest behind the leading States in terms of levels of productivity benefit the most from the 
diffusion of technical knowledge and, hence, should exhibit the most rapid rates of productivity growth. 
The second hypothesis is that technological innovation is embodied in capital and intermediate inputs. If 
the input measures do not correct for changes in input quality, then a positive relation should be observed 
between the rate of productivity growth and the rates of growth of capital and intermediate inputs. 


Support is found for the two hypotheses. First, we find a strong inverse relationship between the rates of 
growth of productivity and the initial levels of productivity. Second, our results support the existence of a 
positive interaction between capital accumulation and productivity growth. The relation between growth 
in materials input and productivity growth 1s positive, as predicted, but statistically insignificant. 


Methodology 


A productivity index is generally defined as an output index divided by an input index. The measures of 


productivity presented in this paper are formed from Fisher indexes of outputs and inputs. Let p'» Q, 
denote the positive price vector for State i,i= 1,---, M. The corresponding quantity vector is x'>Qy . 
The Fisher quantity index is defined as: 
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where the superscripts j and k can be interpreted as time periods or as States. Diewert (1976) showed that 
equation | can be derived from a homogeneous quadratic production or input requirements function (or 
ageregator function). The homogeneous quadratic aggregator function can provide a second-order 
approximation to an arbitrary twice differentiable, linear homogeneous function. 


The direct application of equation 1 to the M(M —] )/2 possible pairs of States yields a matrix of binary 


comparisons that may not satisfy the transitivity condition. To eliminate this problem, we apply the 
multilateral Elteté and Kéves (1964) and Szulc (1964) method, which defines the index for State j relative 
to State k as the unweighted geometric mean of binary Fisher indexes: 
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The multilateral Elteté-K6ves-Szulc index defined by equation 2 satisfies transitivity while minimizing 
the deviations from the binary Fisher indexes. 


The binary Fisher indexes, which are the building blocks of the multilateral Elteto-K6ves-Szulc indexes, 
are based on prices and quantities of commodities common to both States in the comparison. Even so, 
these binary indexes sometimes rely on a very small number of commodities. In this study, we construct 
direct binary Fisher indexes if the commodities common to both States represent a minimum percentage 
of the value of production in both States. Below this percentage, the Elteté-Kéves-Szulc indexes are 
constructed using indirect binary comparisons through other States. 


The indirect binary indexes are calculated using a chain-link method. Adjacent States are selected on the 
basis of the shortest possible path (i.e., fewest number of States) without falling below this predefined 
threshold. This method is similar to the chain-link method used in intertemporal comparisons. The only 
difference is that there is no natural ordering of the data points (such as chronological ordering). 


Production Accounts 


ERS has constructed State and aggregate accounts for the farm sector. Output of the sector is defined as 
gross production leaving the farm, as opposed to real value added. Inputs are not limited to capital and 
labor, but include intermediate inputs as well. Both State and aggregate accounts view all of agriculture 
within their respective boundaries as if it were a single farm. Output includes all off-farm deliveries but 
excludes intermediate goods produced and consumed on the farm. The difference is that output in the 
aggregate accounts is defined as deliveries to final demand and intermediate demands in the nonfarm 
sector. State output accounts include these deliveries plus interstate shipments to intermediate farm 
demands. The text in this section provides an overview of the sources and methods used to construct the 
annual production accounts for the 1960-96 period for each of the 48 contiguous States. 


Output 


The development of a measure of output begins with disaggregated data for physical quantities and 
market prices of crops and livestock compiled for each State by ERS’s Resource Economics Division.> 
The output quantity for each crop and livestock category consists of quantities of commodities sold off 
the farm, additions to inventory, and quantities consumed as part of final demand in farm households 
during the calendar year. As discussed above, off-farm sales in the aggregate accounts are defined only in 
terms of output leaving the sector. Off-farm sales in the State accounts include sales to the farm sector in 
other States as well. 


The price corresponding to each disaggregated output reflects the value of that output to the sector; 1.e., 
subsidies are added and indirect taxes are subtracted from market values. 


Using equation 2, we construct indexes of crop and livestock output for the 48 States for the period 1960- 
96. Indexes of crop output are presented in table 1. We present indexes of livestock output in table 2. All 
values are shown relative to Alabama in 1996. Average annual rates of growth are presented for the full 
1960-96 period and for six subperiods.® 


Intermediate Input 


Intermediate input consists of goods used in production during the calendar year, whether withdrawn 
from beginning inventories or purchased from outside the farm sector, or (in the case of the State 
production accounts) from farms in other States. The inclusion and treatment of open-market purchases of 
feed, seed, and livestock inputs require little discussion. These inputs should enter both State and 
aggregate farm sector intermediate goods accounts. However, the treatment of withdrawals from 
producers’ inventories requires elaboration. 


Inventories enter the measurement of output, intermediate input, and capital input. Beginning inventories 
of crops and livestock represent capital inputs and are treated as such in the discussion of capital later. 
Additions to these inventories represent deliveries to final demand and, therefore, are treated as part of 
output. Goods withdrawn from inventory are symmetrically defined as intermediate goods and, therefore, 
must enter the farm input accounts. 


Data on current dollar consumption of petroleum fuels, natural gas, and electricity in agriculture are 
compiled for each State for the 1960-96 period. Prices of individual fuels are taken from Energy 
Information Administration’s Monthly Energy Review. The index of energy consumption is formed 
implicitly as the ratio of total expenditures (less State and Federal excise tax refunds) to the corresponding 
price index. 


Pesticides and fertilizers have undergone significant changes in input quality over the 1960-96 study 
period. Since input price and quantity series used in a study of productivity must be denominated in 
constant-efficiency units, we construct price indexes for fertilizers and pesticides from hedonic regression 
results. A price index of fertilizers is formed by regressing the prices of single-nutrient and multi-grade 
fertilizer materials on the proportion of nutrients contained in the materials.’ Price differences across 
pesticides are assumed due to differences in physical characteristics such as toxicity, persistence in the 
environment, and leaching potential.8 The corresponding quantity indexes are formed implicitly as the 
ratio of the value of each aggregate to its price index. 


There remain several purchased inputs that collectively account for some 15 percent of the input service 
flow. We compute price and implicit quantity indexes of purchased services such as contract labor 
services, custom machine services (less income from machine hire), machine and building maintenance 
and repairs, and irrigation from public sellers of water. Indexes of intermediate input are constructed by 
aggregating across each category of intermediate input described above. These indexes and their average 
annual rates of growth are presented in table 3. 


Capital Input 


This study requires measures of capital input and capital service prices for each State. Construction of 
these series begins with estimating the capital stock and rental price for each asset type for each State. 
The perpetual inventory method is used to develop capital stocks from data on investment. Implicit rental 
prices for each asset are based on the correspondence between the purchase price of the asset and the 
discounted value of future service flows derived from that asset. 


Capital Stocks 


Under the perpetual inventory method, capital stock at the end of each period, K,, is measured as the sum 
of all past investments, each weighted by its relative efficiency, d 
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We assume that the relative efficiency of capital goods declines with age, giving rise to the need for 
replacement of productive capacity. The proportion of investment to be replaced at age T is equal to the 
decline in efficiency from age T - / to ageT : 


Mme--(d7-d-.;),7=1,-~-,t (4) 


These proportions represent mortality rates for capital goods of different ages. Replacement requirements 
in period t can be expressed as a weighted sum of past investments: 


Ree (5) 
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where the weights are the mortality rates. 


Taking the first difference of expression equation 3 and substituting from equations 4 and 5, we can write: 
Kea k= 17 Re. (6) 


The change in capital stock in any period is equal to the acquisition of investment goods less replacement 
requirements. 


To estimate replacement requirements, we must introduce an explicit description of the decline in 
efficiency. The relative efficiency of an assetT years of age is given by: 
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where L is the service life of the asset and f is a curvature or decay parameter.? 


Little empirical evidence is available to suggest a precise value of 8 . However, two studies provide 


evidence suggesting that efficiency decay occurs more rapidly in the later years of service. Utilizing data 
on expenditures for maintenance and repairs of farm tractors covering the period 1958-74, Penson, 
Hughes, and Nelson (1977) found that efficiency loss was, in fact, very small in the early years of service 
and increased rapidly as the end of the asset’s service life approached. More recently, Romain, Penson, 
and Lambert (1987) compared the explanatory power of alternative capacity depreciation patterns for 
farm tractors in a model of investment behavior that also included the price of capital services. They 
observed that the concave depreciation pattern better reflected actual investment decisions. 


Taken together, these studies suggest that possible values of 8 should be restricted to the zero-one 
interval. Ultimately, the # values chosen for this study were 0.50 for durable equipment and 0.75 for 


structures. It is assumed that the efficiency of a structure declines slowly over most of the service life 
until a point is reached where the cost of repairs exceeds the increased service flows derived from the 
repairs, at which point the structure is allowed to depreciate rapidly. The decay parameter for durable 
equipment assumes that the decline in efficiency was more uniformly distributed over the asset’s service 
life. 


Investment as used in this study is composed of different types of capital goods. Each type of capital good 
is a homogeneous group of assets for which the service life L is a random variable reflecting quality 
differences, maintenance schedules, etc. For each asset type, there exists some mean service life L around 
which there exists some distribution of actual service lives. In order to determine the amount of capital 
available for production, the different service lives and their frequency of occurrence must be determined. 
It is assumed that this distribution can accurately be depicted by the normal distribution truncated at a 
point two standard deviations before and after the mean.!° 


Once the frequency of occurrence of a particular service life is determined, the efficiency function for that 
service life is calculated using the assumed value of £ . This process is repeated for all possible service 
lives. An aggregate efficiency function is then constructed as a weighted sum of the individual efficiency 
functions using as weights the frequency of occurrence. This function reflects not only changes in 
efficiency, but also the discard distribution around the mean service life of the asset. 


Beginning inventories of crops and livestock are treated as capital inputs.!! We estimate the stock of 
inventories using the perpetual inventory method, assuming zero replacement. 


Prices of Capital Services 


Firms add to the capital stock so long as the present value of the net revenue generated by an additional 
unit of capital exceeds the purchase price of the asset. Following Coen (1975), this can be stated 
algebraically as: 


t= 
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where p is the price of output, w is the price of an additional unit of capital, and r is the real discount rate. 


To maximize net present value, firms add to the capital stock until this equation holds as an equality. This 
requires that: 
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The expression for c is the implicit rental price of capital corresponding to the mortality distribution m. 
The rental price consists of two components. The first term, rw, represents the opportunity cost of 


— OR 

invested funds. The second term, r > bee (1+r )" , is the present value of all future replacements 
t=] 

required to maintain the productive capacity of the capital stock. 


Let us define F as the present value of the stream of capacity depreciation on one unit of capital according 
to the mortality distribution m: 


F=) m(l+r)". (10) 
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Since replacement at time t is equal to capacity depreciation at time t: 
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The real rate of return r in the above expression is calculated as the nominal yield on investment grade 
corporate bonds less the rate of inflation as measured by the implicit deflator for gross domestic 
product.!2 An ex ante rate is obtained by expressing observed real rates as an ARIMA process.!3 We 
then calculate F holding r constant for that particular vintage of capital goods. In this way, implicit rental 
prices c are calculated for each asset type. 


Indexes of capital input in each State are constructed by aggregating over the different capital assets using 
as weights the asset-specific rental prices. Service prices for capital input are formed implicitly as the 
ratio of the total current dollar value of capital service flows to the quantity index. The resulting measure 
of capital input for each State 1s adjusted for changes in input quality. 


Land Input 


To obtain a constant-quality land stock, we compile data on land area and average value (excluding 
buildings) per acre in each Agricultural Statistics District in each State. We further disaggregate land 
input into irrigated and dry cropland, grazing land, and other land in 11 Western States. The land area in 
each district and use category is reported in the quinquennial Census of Agriculture (U.S. Department of 
Agriculture). USDA’s National Agricultural Statistics Service annually updates State estimates of total 
land in farms. For the years intermediate to the censuses, percentages in each district and use category are 
interpolated. Land values per acre are used to aggregate across the different land categories in each State. 


The service flows from public lands were estimated by means of grazing fees paid using data from the 
U.S. Department of Interior’s Bureau of Land Management and USDA’s Forest Service. 


Finally, the differences in the relative efficiency of land across States prevent the direct comparison of 
observed prices. We construct relative prices of land in each State based on hedonic regressions. Indexes 
of land service flows are formed implicitly as the ratio of the value of service flows to the price index. 


Labor Input 


The USDA labor accounts for the aggregate farm sector incorporate the demographic cross-classification 
of the agricultural labor force developed by Jorgenson, Gollop, and Fraumeni (1987).!4 Matrices of hours 
worked and compensation per hour have been developed for laborers cross-classified by sex, age, 
education, and employment class—employee versus self-employed and unpaid family workers. 


The task for this study is to develop a set of similarly formatted but otherwise demographically distinct 
matrices of labor input and labor compensation by State. This is accomplished using the RAS procedure 
popularized by Jorgenson, Gollop, and Fraumeni (1987, pp. 72-76) by combining the aggregate farm 
sector matrices initially produced in that study but updated through 1996 with State-specific demographic 
information available from the decennial Census of Population (U.S. Department of Commerce).!> The 
result is State-by-year matrices of hours worked and hourly compensation with cells cross-classified by 
sex, age, education, and employment class and with each matrix controlled to the USDA hours worked 
and compensation totals. 


Labor compensation (opportunity cost) data for self-employed and unpaid family workers are not 
available. As a result, for each State and year, self-employed and unpaid family workers in each State are 
imputed the mean wage earned by hired workers with the same demographic characteristics. 


Indexes of labor input are constructed for each State and the aggregate farm sector over the 1960-96 
period using the demographically cross-classified hours and compensation data. Labor hours having 
higher marginal productivity (wages) are given higher weights in forming the index of labor input than 
are hours having lower marginal productivities. Doing so explicitly adjusts State and aggregate farm 
sector indexes of labor input for quality change in hours as originally defined by Jorgenson and Griliches 
(1967).!6 We present indexes of labor input for each State in table 6. 


Total Factor Productivity 


We present indexes of total output for the 48 States for the period 1960 to 1996 in table 7. In table 8, we 
present indexes of total factor input. These indexes are constructed from disaggregated industry data 
described earlier. Indexes of total factor productivity for each State and year are formed as the ratio of the 
output index to the input index. These indexes are presented in table 9, along with their percentage rates 
of growth. Finally, in table 10, we rank the States by their relative level of productivity in 1996. We also 
include in the table their rank in 1960 and the average annual rate of growth from 1960 to 1996. 


One remarkable similarity exists across all States. For the full 1960-96 period, every State exhibited a 
positive and generally substantial average annual rate of productivity growth. There is considerable 
variance, however. The median rate of productivity growth was 1.94 percent per year. Nearly half of the 
States (19 of 48) had productivity growth rates averaging more than 2 percent per year. Only two States 
(Oklahoma and Wyoming) had an average rate of growth less than 1 percent per year. The reported 
annual rates of growth ranged from 0.94 percent for Wyoming to 2.84 percent for Louisiana. 


The wide disparity in growth rates over the 1960-96 period resulted in substantial changes in the rank 
order of States. For example, between 1960 and 1996, Connecticut rose from 20" to 1“, Georgia rose 
from 14" to 3", and North Carolina rose from 2216.4" In contrast, Iowa fell from 1“ to 5", Wisconsin 
fell from 3™ to 14", and Colorado fell from 4" to 21 in terms of levels of productivity. West Virginia 
was last throughout the period. Moreover, its productivity relative to Connecticut fell from one-half in 
1960 to one-third in 1996. 


Figure | provides details for the intervening years. It plots for each year the coefficient of variation (the 
ratio of the standard deviation to the mean) of productivity levels for all 48 States. We use these 
coefficients to show that there was some narrowing of the range of levels of productivity between 1960 
and 1987. This is a remarkable result given the wide variation in productivity growth rates. The fact that 
some States grew more rapidly than others and yet the cross-section dispersion decreased implies that the 
States that grew most rapidly were those with lower initial levels of productivity, a finding consistent with 
Gerschenkron’s (1952) notion of the advantages of relative backwardness. Those States that were 
particularly far behind had the most to gain from the diffusion of technical information and proceeded to 
grow most rapidly. 


There was a sharp increase in dispersion between 1988 and 1996. This was a consequence of extreme 
variability in growing conditions. The drought of 1988 was the worst since 1956, with one-third of the 
Nation experiencing a severe to extreme drought, as defined by the Palmer Drought Index. Also during 
1988, the Southwestern United States experienced above-normal percipitation. The effect of such 
extremes on productivity can be seen in table 9. Twenty-three States showed increases in productivity in 
1988, while 24 States exhibited decreases in productivity. 


In 1993, when severe spring and summer flooding affected the upper Midwest, a major drought gripped 
the Southeastern United States. In fact, while floodwaters coursed down the Mississippi River in late July 
and August, adjacent land in the Bootheel of Missouri was parched by drought. According to table 9, 29 
of 48 States had negative productivity growth. 


In the West, above-normal precipitation has been the rule during recent wet seasons (roughly October- 
April). This follows the long-running drought of 1986-87 to 1991-92 and a recurrence of drought in 1993- 
94. The summer of 1994, which featured record corn and soybean production in the Midwest, was one of 
the hottest, driest summers on record in the West. 


The Southern High Plains, including western Texas, were parched by the drought of 1994, and have yet to 
fully recover. But nearly ideal growing conditions prevailed in the Midwest during the 1992, 1994, and 
1996 seasons. In 1996, 43 of 48 States posted positive productivity growth. Such a large number of States 
recorded gains in productivity in only 3 of the 37 years we studied. 


Analysis of Differences in Productivity 


In this section, we turn to a regression framework to test two hypotheses concerning technology 
convergence. The first is the catch-up hypothesis, which states simply that those States that lag furthest 
behind the technology leaders should exhibit the most rapid rates of growth in productivity. Taking each 
State as an observation, this hypothesis implies that the rate of growth of productivity is inversely 
correlated with the initial level of productivity. 


The second hypothesis is that technological innovation is embodied in capital and intermediate inputs. If 
the input measures do not fully reflect the changes in input quality, then this hypothesis suggests that the 


rate of growth of productivity will be positively correlated with growth of capital and intermediate inputs. 
Again, we can treat each State as an observation to test this hypothesis. 


To investigate both hypotheses, we employ the basic specification: 
l ENG 
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where TF; is the relative level of productivity of State i at the beginning of each period, 
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denote time derivatives or relative rates of change. Both 3- and 5-year averages are used for the rates of 


growth to reduce random noise. 


The data consist of time series observations on each of several cross sections or States. We include State 
dummy variables to control for State-specific effects, such as the stock of infrastructure and expenditures 
on research and extension. Time dummy variables are included to allow productivity growth rates to vary 
by period (e.g., in response to unevenness in the flow of new technologies). 


The regression results, shown in table 11, confirm the catch-up hypothesis, showing a highly significant 
inverse relation between the rate of productivity convergence by State and its initial level of productivity. 
The results for the embodiment hypothesis are mixed. Coefficient estimates for growth of the capital- 
labor ratio are positive and significant at the 1-percent level. These results suggest that embodiment of 
technology in capital was an important source of productivity growth. 


The coefficient estimates for the materials-labor ratio are all positive, as predicted, but statistically 
insignificant. We conclude that the input indexes fully reflect the improvements in their quality. 


Summary and Conclusion 


In this study, we estimate the growth and relative levels of productivity for the 48 contiguous States for 
the period 1960 to 1996. For the full 1960-96 period, every State exhibits a positive and generally 
substantial average annual rate of productivity growth. There 1s considerable variance, however. The 
median rate of productivity growth was 1.94 percent per year, while average growth rates ranged from 
0.94 percent for Wyoming to 2.84 percent for Louisiana. 


The wide disparity in growth rates resulted in substantial changes in the rank order of States. For each 
year, we compute the coefficient of variation of productivity levels for all 48 States. We use these 
coefficients to show that the range of levels of productivity has narrowed over time, although the pattern 
of convergence was far from uniform. The fact that some States grew faster than others and yet the cross 
section dispersion decreased implies that the States that grew most rapidly were those with lower initial 
levels of productivity. This result 1s consistent with Gerschenkron’s (1952) notion of the advantages of 
relative backwardness. The States that were particularly far behind the productivity leaders had the most 
to gain from the diffusion of technical information and proceeded to grow most rapidly. 


Finally, there was a positive correlation between productivity growth and growth of the capital-labor 
ratio, implying embodiment of technology in capital. 
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Footnotes 
Jorgenson, Gollop, and Fraumeni (1987), table 6.7, pp. 198-200. 
Jorgenson and Gollop (1992), pp. 746 and 750. 
See Jorgenson and Griliches (1967) for a discussion of input quality. 
For a description of USDA methods, see Ball (1985) and Ball et al. (1997). 


The estimates of output are product based. The product approach proceeds by valuing final output of 
all agricultural products, but only those products. Thus, agricultural products from establishments that 
produce agricultural goods as a minor or secondary activity are valued, while goods and services that 
might be produced on farms but are secondary to agriculture are excluded. 


The six subperiods are not chosen arbitrarily but represent cyclical peaks. Since the data reported for 
each subperiod are average annual growth rates, the unequal lengths of the subperiods do not affect 
comparisons among the subperiods. 


The observations consist of average prices for each of the chemicals. When average data are used 
rather than actual observations on prices, the disturbance terms are likely to be heteroskedastic. 
Efficient parameter estimates are obtained by applying weighted least squares. Expenditure shares are 
used as weights. 


The pesticides model is estimated in double logarithmic form. It is well known that the antilog of §, 
is not an unbiased estimate of §,, which means that price indexes based on the dummy variable 


method are biased. A standard bias correction is to add one-half of the coefficient’s standard error to 
the estimated coefficient. See Teekens and Koerts (1972). 


The decay function defined by equation 8 incorporates many of the commonly used forms of capacity 
depreciation as special cases. The upper limit of # is unity. This corresponds to the one-hoss shay 


form of depreciation. As the value of 8 approaches zero, decay occurs at an increasing rate over time. 
If 2 is zero, the function corresponds to the formula for straight-line depreciation. Finally, if 2 is 


negative, decay occurs most rapidly in the early years of service, corresponding to accelerated forms 
of depreciation such as geometric decay. 


Mean service lives for each asset type are taken from Fixed Reproducible Tangible Wealth in the 
United States, 1925-94 (U.S. Department of Commerce). 


. Net additions to inventory during the calendar year are considered a component of output. 
. The nominal rate was taken to be the average yield on Moody’s BAA bonds over all maturities. 


. Observed real rates are expressed as an AR(1) process. We use this specification after examining the 


correlation coefficients for auto correlation, partial and inverse auto correlation, and performing the 
unit root and white noise tests. We centered each time series by subtracting its sample mean. The 
analysis was performed on the centered data. 


. See Ball et al. (1997). 
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15. For 1960 and 1970, see "Characteristics of the Population," Census of the Population, Volume 1; for 
1980, see “Detailed Population Characteristics,” Census of the Population, Chapter D. The Bureau of 
the Census did not tabulate State-specific demographic data for agriculture in 1990. Consequently, 
the 1990 marginal matrices described in the text were constructed from 1980 marginals adjusted for 
1980-90 trends from series updated from those initially reported in Jorgenson, Gollop, and Fraumeni 
(1987) and controlled to USDA totals by employment class. 


16. For a discussion of the theoretical basis for adjusting labor input for compositional shifts in the labor 
force, see Jorgenson and Gollop (1992). 


Figure 1. Coefficients of Variation of State Productivity 
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Table 10. States Ranked by 1996 Level of Productivity 





1996 
Rank Level 

1 1.509 
2 1.504 
3 1.398 
4 1.386 
5 1.299 
6 1.287 
vé 1.218 
8 ie2t3 
9 1.208 
10 1.197 
ta 1.184 
AZ eaten 
13 1.146 
14 le or: 
15 fatoe 
16 letee 
Az pg bales 
18 1.102 
19 1.100 
20 1.093 
21 1.083 
22 1.080 
ea 1.074 
24 1.042 
25 1.040 
26 1.034 
27 7.03s0 
28 1.032 
29 1.000 
30 1.000 
31 0.990 
32 0.981 
oS 0.969 
34 0.954 
Do 0.933 
36 0.925 
Sv. 0.924 
38 0.916 
39 0.913 
40 0.884 
41 0.855 
42 0.851 
-43 0.778 
44 0-775 
45 0.707 
46 0.699 
47 0.630 
48 0.485 


1960 
Rank Level 

20 0.549 

2 0.701 
14 0.560 
22 O22 

1 Ole 
19 0.554 
21 0525 

6 O63 
11 0.593 
10 0.595 
29 0.484 
2i 0.496 

7 0.612 

3 0.684 
12 0.592 
17 0.557 
Pas 0.500 
15 0.560 
36 0.456 

9 0.599 

4 0.654 
13 0.581 
46 0.386 

8 0.603 
24 0.510 
44 0.398 
33 0.477 

5 0.636 
2omeeO-O4| 
40 0.437 
31 0.479 
47 0.384 
OF 0.450 
34 0.468 
26 0.498 
18 0.556 
39 0.442 
43 0.423 
30 0.480 
35 0.460 
16 0.559 
41 0.424 
Be 0.478 
45 0.387 
42 0.423 
28 0.490 
38 0.449 
48 0.248 
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Average annual 
growth of produc- 
tivity 1960-96 


Rank 


2 
iW? 

6 

3 
37 
10 
11 
at, 
ee 
24 


Growth 


0.0284 
0.0212 
0.0254 
0.0271 

0.0167 
0.0234 
0.0234 
0.0190 
0.0198 
0.0194 
0.0249 
0.0241 

0.0174 
0.0141 

0.0180 
0.0195 
0.0222 
0.0188 
0.0244 
0.0167 
0.0140 
0.0172 
0.0284 
0.0152 
0.0198 
0.0265 
0.0215 
0.0134 
0.0186 
0.0230 
0.0202 
0.0261 

0.0213 
0.0198 
0.0174 
0.0142 
0.0205 
0.0215 
OONs 
0.0181 

0.0118 
0.0193 
0.0135 
0.0193 
0.0143 
0.0098 
0.0094 
0.0186 


Table 11. Regressions of Total Factor Productivity Growth on Relative Productivity Level and 
Growth in Factor Intensities, 1960-1996 


= g Five-Year A 
Independent Three eat Averages ive oe verages 
Variables TFP TFP 
* 2k 
-0.007 -0.007 
Constant (2.10) (2.08) 
si 0.12708 
-0.186 -0. 
TFP 
(24.54) (25.71) 
is 0.089 
’ 0.107 
K/L 
( | (4.63) (4.47) 
; 0.018 0.017 
a (0.84) (0.85) 
R 0.504 0.546 
MSE 0.023 0.014 
F Value 16.74. ete 
Sample Size 1548 1454 


Note: t-ratios are shown in parentheses below the coefficient estimate. State and time dummy 
variables are included in the specification, but the results are not shown. The observations are 
based on 3- or 5-year averages, as indicated. 


* 


* * 
Significant at the 5 percent level; significant at the 1 percent level. 
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